We retrospectively examined regional cerebral blood flow values in 78 patients in the stabilized phase of stroke to evaluate the consistency of lateralization compared with computed tomographic imaging. Examinations were performed using the xenon-133 inhalation technique, and the data were processed and displayed by a computer-assisted system of our own design that allows statistical analysis in real time and is suitable for clinical use. The consistency of lateralization correlated with computed tomographic findings was tested for absolute values, percent distribution, and asymmetries. The latter yielded the highest degree of sensitivity (in 83.3% of the patients the affected hemisphere was correctly identified). Absolute values showed at least one hypoperfused area in the affected hemisphere in 48.7% of the patients, and percent distribution did so in 57.7%. Furthermore, the combination of the three methods of data analysis yielded a sensitivity of 91%; the remaining 9% of the patients, however, exhibited some abnormalities of regional cerebral blood flow (bilateral or contralateral hypoperfusion). Although good agreement was found for lateralization by computed tomography and by the combined use of the three methods of analysis, a complete overlap between functional and structural examinations should not be expected. Problems concerning the sensitivity of the xenon-133 inhalation technique under conditions of low blood flow and the statistical analysis of regional cerebral blood flow data are discussed. (Stroke 1989;20:1182-1189 
M easurement of regional cerebral blood flow (rCBF) by the noninvasive xenon-133 inhalation technique has been extensively studied among patients with ischemic stroke 1 -8 during both the acute and the chronic phases. During the acute phase, both hypoperfusion and hyperperfusion often coexist due to phenomena such as infarction, edema, and luxury perfusion. 9 For these reasons, rCBF abnormalities may relate poorly to the clinical neurologic deficit. 1.3,7,8,10 During the chronic phase of stroke, however, low blood flow in the clinically involved hemisphere is found in most patients. 4.5,6,7,8,11 More recently, the routine use of neuroimaging to demonstrate aortocranial occlusive disease and cerebral tissue damage of vascular origin has led to study of the relations between rCBF and angiographic 11 -13 or computed tomographic (CT) 7 -14 findings.
We used a fully automated rCBF mapping system 15 -16 to evaluate the sensitivity of the xenon-133 inhalation technique for detecting the hemisphere harboring an infarcted area (as revealed by CT) in a homogeneous group of 78 chronic stroke patients studied retrospectively. This system enables rapid, visual recognition of statistically relevant areas of hypoperfusion based on regional comparisons with an age-matched normal control population.
Subjects and Methods We measured rCBF in 78 outpatients (63 men and 15 women) aged 20-84 (mean±SD 53.47±11.71 years, Table 1 ) selected from a consecutive series according to the following criteria: 1) stabilized neurologic deficits attributable to a unilateral hemispheric lesion as determined by clinical history and neurologic examination, 2) CT evidence of a focal hypodense lesion in only one hemisphere, and 3) rCBF examination performed 2-48 months after the onset of symptoms. We also measured rCBF in 120 normal controls defined as healthy on the basis of medical history and general medical and neurologic examination. The controls were divided into five groups, one for each age decade from 20 to 60 years and one for those aged >60 years.
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Pt, patient; V, absolute value; P, percent distribution; A, asymmetries; F, female; M, male; R, right; L, left; B, both hemispheres; -, not different from control. compartment analysis 17 ; for the purpose of the present research only the initial slope index (ISI), which is independent of the partition coefficient for gray and white matter, was considered. 18 Expired end-tidal CO 2 (Peco 2 ) was monitored throughout the examination. All subjects were normocapnic (mean±SD Peco 2 =38.7±2.1) and, as suggested by others, 1920 ISI was not corrected for Peco 2 . rCBF for each subject was evaluated by computing the absolute value, percent distribution (absolute value of each probe expressed as percentage of the mean for that hemisphere), and asymmetry (difference between the absolute values of homologous probes in the two hemispheres) of each probe. The mean±SD absolute values, percent distributions, and asymmetries were computed for each control group. The values for each patient were Probe Frontal
Central (rolandic) Probe Frontal then compared with the age-matched control group mean by calculating the standardized normal deviate z 21 as z v =(x, ; -x,)^-s, where i indicates the probe, j the patient, x tJ the patient's value, x, the corresponding control group's value, and s the estimated pooled standard deviation. Assuming a Gaussian distribution for the control groups, we assigned p<0.05 when the patient's value departed from the control group's mean by 1 SD (1.96). We considered an area to be hypoperfused when at least two adjacent probes presented a significant z value.
We determined the percentage of patients with correctly recognized areas of hypoperfusion to be a measure of rCBF sensitivity. When such areas were in the same hemisphere as the lesion on CT scan, the side of ischemia was said to be recognized. All parameters and statistical computations were performed and represented as two-dimensional color maps using the computer-assisted system developed in this laboratory. Table 1 ). He experienced right facial paresthesias and weakness, right hand weakness, and mixed aphasia. CT disclosed a left corticosubcortical temporoparietal stroke; Doppler sonography of the carotid and vertebral arteries in his neck disclosed no abnormalities, and an electroencephalogram showed runs of theta waves in the left occipitotemporal areas. rCBF was measured 2 months later in association with persistent mild aphasia, supranuclear deficit of the right facial nerve, and deep tendon hyperreflexia in his right arm.
The findings comparing each patient with the corresponding age-matched control group are presented in Table 1 and are summarized in Table 5 Two tail z_statisties FIGURE Table 2 hypoperfusion was noted only in the hemisphere contralateral to the CT lesion.
Absolute value of regional cerebral blood flow (rCBF) analysis map of Patient 45 (see
Thus, when combining the three kinds of analysis, the affected hemisphere was recognized in 71 patients (91%), increasing the sensitivity by 7.7% compared with using asymmetry analysis alone.
Discussion
Abnormal absolute rCBF values were observed in 60 (76.9%) patients. In 38 patients (48.7%), the rCBF abnormality was confined to the affected hemisphere, whereas the abnormality involved both hemispheres in 22 patients (28.2%, Table 5 ). It should be noted that, although the sensitivity of absolute value analysis was low, use of this method yielded more reliable results than the asymmetry or percent distribution analyses. Indeed, no patient was falsely lateralized, while hypoperfusion in three (2, 33, and 74) by percent distribution analysis and in four (2, 6, 21, and 71) by asymmetry analysis was assigned to the wrong hemisphere.
The finding of global or regional contralateral rCBF reduction during the chronic phase of stroke is in line with previous studies, 7 ' 22 although its mechanism is not clear. This phenomenon has been considered an analogue of diaschisis 23 and could be produced by either transneural depression 24 and deafferentation 25 or by steal. 26 In the former instance, a reduction of the interhemispheric neuronal message would be responsible for the reduction of metabolism and blood flow in the contralateral hemisphere. 25 In the latter instance, if a tight stenosis or occlusion of either the internal carotid artery or its intracranial arborizations occurred, blood flow would be diverted to the affected hemisphere, thus "stealing" it via the Willis and post-Willis anastomoses. 25 ' 26 These hypotheses, however, have been recently questioned by a positron emission tomographic study 27 in which the authors stated that there was no evidence for transhemispheric diaschisis after cerebral infarction. They showed that blood flow values for both hemispheres among patients with extracranial vascular disease but without evidence of stroke paralleled those values obtained from the nonaffected hemisphere of patients who suffered from ischemic stroke, with both sets of values being significantly lower than those of age-matched normal controls. Indeed, systemic pathologies (such as hypertension, hyperlipoproteinemia, and diffuse extracranial and intracranial atherosclerosis) may produce widespread vascular damage to the brain Tw tail ^statistics FIGURE Table 3 ). Eighteen patients (23.1%) had normal rCBF values; two (2.6%, 29 and 34) showed small superficial infarcts, and six (7.7%, 2, 41, 47, 49, 73, and 74) showed small deep lesions that were localized to the periventricular white matter, internal capsule, or basal ganglia. The finding of normal absolute rCBF values in the latter eight patients may be explained by the look-through phenomenon and Compton effects, which are well recognized technical causes for failure to detect blood flow abnormalities, particularly in the instance of small cortical lesions or of deep infarcts. Another main factor that limited the sensitivity of our parametric statistics was the variance of rCBF values in normal subjects (see Table 2 ), as reported by others. 33 - 34 The sensitivity of our method would probably be increased by reducing the standard deviation of the age-matched controls, which could be done by identifying the factors determining physiological variability of rCBF. 35 ' 36 Even though percent distribution analysis increased sensitivity slightly (57.7%) compared with absolute value analysis (48.7%), asymmetry analysis was the most sensitive indicator (83.3%). Indeed, both percent distribution and asymmetry analyses can be considered to normalize rCBF values, reducing intersubject variability (compare standard deviations of controls in Tables 3 and 4 with those in Table 2 ).
Percent distribution of regional cerebral blood flow (rCBF) analysis map of Patient 45 (see
Even though the left hemisphere has been reported to be slightly less perfused than the right, 34 the variance of asymmetries in patients depends chiefly on the interhemispheric regulatory mechanisms of blood flow distribution, which usually maintain a symmetric perfusion pattern. Thus, even slightly lateralized hypoperfusion may reach statistical significance. The asymmetry method of analyzing rCBF data, although obtained by different computational procedures, has been regarded as the most sensitive approach by others.
1114 -32 Figure 3 and Table 4 clearly show a highly significant hypoperfusion by asymmetry analysis, undetected by absolute value analysis ( Figure 1 , Table 2 ) and detected less significantly by percent distribution analysis (Figure 2, Table 3 ).
Among the 13 patients whose affected hemisphere was not recognized by asymmetry analysis ( Table 4 with a normal or nonsignificant increase of interhemispheric differences. Percent distribution analysis in the other five patients and absolute value analysis in one patient correctly recognized the infarcted hemisphere. In the remaining two patients, only the contralateral side was hypoperfused. More insight into the reasons for the failure of asymmetry analysis to detect the infarcted side may be obtained by considering the CT scans of these 13 patients. Three had deep infarcts accompanied by signs of brain atrophy, one had diffuse cortical atrophy with a cortical infarct, two had deep lesions, one had a small superficial lesion, and the remaining six showed cortical hypodense areas.
When using step approaches, the overall sensitivity in recognizing reduced blood flow in the affected hemisphere was 91%. It should be stressed, however, that all patients in our series had areas that were significantly hypoperfused compared with controls. In conclusion, rCBF evaluation during the stable phase of stroke yields a functional image of both the infarcted and the contralateral hemispheres, thus offering additional information compared with the CT scan.
